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FOREWORD 


Much  has  been  said  and  done  recently  in  connection  with 
the  study  by  Harbrldge  House  of  economic  inrentory  policies 
(EIP) .  Since  the  principle  of  balancing  holding  cost  against 
order  cost  so  as  to  minimize  total  cost  makes  good  sense, 
these  policies  are  being  implemented  by  the  Army  at  its 
posts,  camps  and  stations. 

The  next  logical  step  then  is  the  application  of  the 
results  of  the  study  to  establishing  supply  policies  at  the 
national  lewel  —  specifically  at  the  National  Inrentory 
Control  Points  (NICP's).  However,  as  with  any  study  based 
on  a  mathematical  model,  the  assumptions  and  analyses  must 
be  subjected  to  careful  technical  scrutiny  before  the  study 
is  given  its  acid  practical  test  in  pilot  supply  applications. 
This  technical  scrutiny  was  carried  out  by  Lt.  A.  C.  Stedry, 
a  young  Ph.D.,  in  Management  Science  with  a  strong  mathemat¬ 
ical  background,  who  was  assigned  to  the  Quartermaster  Corps' 
Operational  Mathematics  Office.  The  results  of  his  review 
are  reported  in  this,  the  seventh  in  the  series  of 
Operational  Mathematics  Reports. 


Brigadier  General,  USA 
Acting  Deputy  The  Quartermaster  General 
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ABSmCT 


As  a  part  of  tbelr  extensive  contractual  effort  In  the  area 
of  eeoDxnlc  Inventoxy  policies  (SIP),  Barbrld^ce  Bouse  of  Boston, 
Massachusetts,  studied  inventory  policies  at  the  national  or  uhole> 
sale  level.  Ihelr  vork  vas  revleved  by  the  ^lartexnaster  Corps  ' 
(^rational  Mathsaatlcs  Office.  It  vas  fovnd  that  the 

detexalnatlon  of  operating  levels  is  adequate,  their  approach  to 
the  detexalnatlon  of  safety  levels  has  several  flaws  aaklng  their 
recosaanded  detendnatlon  of  safety  levels  Inadeqjoate.  Mathe* 
aatlcal  arguaents  are  given  for  this  criticisa.  Since  acceptable 
alternative  approaches  are  available,  it  is  suggested  that  these  be 
iised  to  detendne  national  Inventoxy  policies. 
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mnsoDucTiQir 


Kb  a  part  of  their  extensive  contractual  effort  in  the  area  of 
econoBdc  Inventoxy  policies  (XIP),  Bsrbrldge  Bouse  of  Boston^ 
Hassachusetts,  studied  both  the  vholesale  or  national  level  policies 
and  x'etall  policies.  The  Operational  Matheaatlcs  Office  has  assisted 
in  the  iaqplenentatlon  of  the  retail  policies.  An  Operational  NAthe* 
■atles  Series  Report  on  this  assistance  is  nov  being  prepcured.  It  is 
sufficient  for  purposes  of  the  present  report  to  say  that  it  is  gen* 
erally  agreed  that  the  Barbrldge  Bouse  treataent  of  retail  accounts 
would  be  superior  to  the  Axwj  Held  Stock  Control  approach  and  that 
experience  to  date  at  posts,  caape  and  stations  converted  to  the 
Barbrldge  Bouse  approach  bean  this  out. 

Ike  national  level  policies  an  another  q]uestlon,  however.  Here, 
flaws  in  the  approach  that  are  sdnor  in  terns  of  applieatlon  to  retail 
accounts  nay  not  nandn  nlnor  at  all.  Also  other  work  on  this  subject 
is  available,  and  it  is  Isqportant  to  review  the  Barbrldge  Bouse  ap* 
proach  at  this  tine  so  that  a  decision  can  be  nade  on  what  procedures 
would  be  best  lapleannted.  This  was  done.  Ihe  results  of  the  review 
are  presented  in  this  report. 

The  reaalnder  of  this  report  is  divided  into  three  najor  sections. 
Ih  the  first,  a  conplete  sunnary  of  the  condusions  reached  in  the 
review  is  given.  In  the  second,  the  nathenatlcal  argunents  are  devel* 
oped  that  led  to  the  dhief  criticlsns  of  the  Barbrldge  Bouse  approach. 
In  the  third,  the  estlnate  of  signply  effectiveness 'is  dlscxissed  in 
nathenatlcal  terns. 

A  renark  about  the  footnotes  and  foxnulas.  Siqperscrlpt  mnibers 
Inclosed  in  bracketa  will  be  used  to  indicate  footnotes.  References 
are  given  in  footnotes,  fbmulas  appearing  in  the  natheantical 

discussion  will  be  Indexed  by  nunbers  Inclosed  in  narentheses.  These 
maibers  will  generally  appear  to  the  left  of  the  fomuia. 
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SIAMUV  OF  TSE  RE\niy 


Qie  S&rbrldge  House  approach  has  flaws  -vAileh  while  not  crucial 
at  installation  level,  would  become  crucial  if  a  direct  extrapolation 
to  the  national  level  of  a  system  devised  on  simller  principles  were 
made.  More  specifically,  this  extrapolation  would  result  In  gross 
over-protection  on  some  Items  (l»e.,  "dead  stock")  and  wholly  inade¬ 
quate  protection  (l*e.,  poor  supply  performance)  on  others. 

The  determination  of  operating  levels  utilized  by  Hzrbrldge 
House  Is  derived  directly  from  the  standard  "optimum-lot-slze"  formula 
which  has  been  known  for  about  years.  While  it  rests  on  fairly 
restrictive  assuoqttlons  —  fixed  cost  to  reorder  independent  of  pro¬ 
curement  value,  cost  proportional  to  dollar  value  of  half  the 

operating  level  —  It  has  been  found  to  give  results  that  are  close 
to  optimal  for  less  restrictive  assumptions.  As  refinements  are 
extremely  complex  and  their  Incremental  gain  is  small  compared  to  the 
gain  that  can  be  achieved  through  improvements  in  safety  level  proce¬ 
dure,  they  will  be  ignored  here. 

The  determination  of  safety  levels  In  the  strbject  procedure  rests 
on  much  less  firm  ground.  The  authors  of  EIP  indicate  a  preference 
for  a  gamma  distribution  to  describe  demand  patterns.  They  have  not 
atteaqrted  to  determine  lAether  this  distribution  in  fact  describes  the 
daaand  patterns  reasonably  well  (or  at  least  do  not  report  such  an 
atteaqpt  except  to  show  that  a  few  chosiux  items  happen  to  look  more 
"gamma"  than  "Poisson").  Furthermore,  the  method  used  does  not  in 
fact  measure  the  variability  of  ilemanfl  but  asaumes  the  demand  vari¬ 
ability  to  be  related  to  the  average  order  size.  As  they  give  no 
proof  that  this  relationship  is  an  appropriate  one,  It  Is  quite  likely 
that  the  safety  levels  chosen  will  either  give  too  much  protection  or 
too  little  —  perhaps  on  most  items  in  the  saam  direction,  perhaps  not. 
In  ary  case,  it  is  unlikely  that  the  predicted  probabilities  will  be 
experienced  In  practice.  The  next  major  section  of  this  report,  en¬ 
titled  "Safety  Levels",  contains  a  mathenatical  suamary  of  the  Harbrldge 
House  procedures  and  the  mathenatical  arguments  that  led  us  to  conclude 
that  the  safety  level  procedures  developed  by  Harbrldge  House  are  Inade¬ 
quate. 

A  second  major  objection  to  the  EIP  methodology  Is  Its  failure  to 
take  into  account  the  effect  of  prociueaient  cycle  on  supply  effective¬ 
ness  for  a  given  safety  level.  If  the  assun^lons  about  demand  distri¬ 
butions  were  correct,  the  safety  levels  computed  according  to  the 
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procedures  would  provide  a  10^6  probability  of  stockout  d\iring  lead 

tlme^^^  i.e.,  during  ten  periods  following  the  placement  of  a 
procurement  action^  a  stockout  would  be  expected  In  one  of  them* 

But  each  time  an  Item  Is  procured,  we  are  subject  to 
stockout.  Iberefore,  an  Itaa  ordered  monthly  will  be  out  of  stock 
six  times  as  often  as  an  item  \dilch  Is  ordered  once  every  six  months 
if  a  procedure  Is  followed  which  gives  the  same  protection  against 
stockout  "across  the  board".  I.e.,  If  an  item  would  have  a  9^^  sup¬ 
ply  effectiveness  If  ordered  twice  a  year.  It  would  then  have  only 
a  70^  supply  effectiveness  If  ordered  monthly. 

It  should  be  pointed  out  that  a  90^  protection  against  stockout 
does  not  mean  SQfjt  supply  effectiveness.  Using  the  Heu'brldge  Bouse 
assiaQitlons  about  distribution.  It  Is  possible  to  determine  the 
expected  (average)  number  of  demands  which  will  be  placed  during  a 
lead  time  against  zero  stock  for  an  Item  given  the  average  nuiid>er  of 
desnnds  It  will  experience  during  a  lead  time  and  the  probability  of 
stockout.  The  number  of  demands  against  zero  stock  expected  per  year 
would  then  be  eqiual  to  the  expected  number  of  demands  during  lead 
time  times  the  azmual  order  frequency  (the  latter  is  the  "operating 
level  factor"  In  Barbrldge  Bouse  parlance).  Supply  effectiveness  can 
then  be  expressed  as  follows: 

it  Supply  effectiveness 

^  *  Expected  number  of  demands  per  year  ^ 

Ihe  s\Qq;dy  effectiveness  resulting  from  the  procedxires  recoanended  by 
Barbrldge  Bouse,  If  their  assumptions  about  demand  distribution  are 
correct.  Is  shown  In  Table  1.  A  mathematical  treatment  of  the  method 
used  to  relate  protection  against  stockout  to  supply  effectiveness  Is 
shown  In  the  last  portion  of  this  report. 


For  procxirement  cycles  of  six  months  or  less.  For  "annual  buy" 
Items  no  safety  level  but  a  SO-day  additional  "order  and  ship  time”  Is 
allowed  or,  In  effect,  a  30-day  safety  level.  No  probability  of  stock¬ 
out  Is  estimated* 
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1AHLE  1.  Per  cent  Supply  Effectiveness  for  Selected  Annual 

Demand  and  Ordering  Frequencies  (Utilizing  Barbrldge 
House  Assuiiq;>tlons  and  Frocediires  for  a  SO-Day  Lead 
Tine) 


Operating 
Level  Factor^ 

1  A 

Annual  Demand  Frequency' 

6 

12 

24 

72 

1#* 

97*9 

98.9 

99.5 

100.0 

2 

97.2 

98.4 

99.1 

99-^ 

k 

94. 

96.8 

98.2 

98.8 

6 

91.6 

95.1 

97.3 

98.2 

12 

83.2 

90.3 

94.5 

96,4 

«  Ibis  term  la  used  to  refer  to  the  annual  ordering 
frequency.  An  item  vhlch  the  agency  pro> 
cures  monthly  will  have  an  Operating  Level  factor  of 
12,  annually  1,  etc. 

««  Ihe  "annual  buy"  safety  level  la,  In  effect,  30  day*' 
supply.  All  others  are  computed  on  the  basis  of  9^ 

,  probability  of  no  stockout  during  a  lead  tine. 

T  Hm  average  number  of  requisitions  placed  on  the 

^vantory  control  point  pex*  year. 

▼  To  1  decimal-place  accuracy. 


Qie  effect  of  ilensnil  frequency  and  ordering  frequency  on  supply 
effectiveness  Is  readily  seen  frosi  Thble  1.  Voting  that  the  BaTbrldge 
Bouse  assuqrtlcoa  probably  underestimate  variance,  these  s\qiply  effec¬ 
tiveness  percentages  must  be  viewed  as  being  maxina  rather  than  actual. 

Use  of  a  more  s\iltable  distribution  would  undoubtedly  lower  the 
whole  set,  attenuate  the  effect  of  Increasing  demand  frequency  on 
improved  performance  but  markedly  Increase  the  deteriorating  effect  of 
Increasing  procurement  freqxiency.  In  any  case  there  Is  apparently  no 
rationale  provided  for  using  a  scheme  which  produces  this  markedly 
differing  perfoxmance. 


h 


It  is  l>elleved  that  applicatlcaa  of  a  schaae  slnilar  to  the  station 
level  sclMatt  vhleh  uses  (prohably)  the  wrong  dlstrlhutlon  and  an 
Irrational  detexmLnatlon  of  safety  levels  would  he  vexy  costly*  It  is 
therefore  rap  nuinliid  that,  at  national  control  points  a  sore 
tlcated  sctaeas  he  used*  Such  a  schesM  is  contained  In  the  series  of 

r2l 

reports  hy  the  Operations  Beseareh  Qroup  at  MIT  ''  or  In  unpuhllshed 
work  done  hy  the  Operational  Nathenatlcs  Office  for  the  MlUtaxy  Qeneral 
Supply  SLther  of  these  approaches  to  national  Incventory  policies 

would  he  adefuate  and  are  entirely  eonpatlhle  with  the  estahUshed 
Barhrldge  Hbuae  procedures  In  the  posts,  caapa  and  stations. 


I'gl  . 

*  Ihtarla  Baehnlcal  Imports  Iob.  7  and  9,  NIT  ncoject:  "tal 

iBvaatlnationa  in  the  Mathoda  of  Operations  Heaaareh  under  contxaci 

Oraanee  Mb  mjecv  Mo.  A^l,  August  19^8. 
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Ey^ixrr  LEV1I£ 


I.  Introduction. 


Ihe  point  to  be  aade  In  this  portion  of  the  report  l^r^i 
thnt  the  safety  lerels  ]^sented  by  Barbrldge  Bouse^ 
for  eeonoBilcal  Inventoxy  policies  are  not  developed  from,  the 
proper  \u>e  of  the  fgumm  distribution  as  clalaed.  ¥e  acree 
with  Barbrld^  Bouse  on  the  appllcaMllty  of  the  gumm  dlstrl- 
butlon.  Iq  fact,  this  Tezy  acreeawnt  Is  the  basis  of  our 
objections  since,  bgr  their  treatnent  of  the  distribution, 
Bubrld^  BcMse  analysts  hare  transfoxaed  the  dlstrlbutlw 
Into  soBethlng  else,  as  vill  be  escplalned  belov. 

It  vlll  be  necessary  froai  tine  to  tine  to  Introduce  nom 
aathflaatlcal  fozvilae.  It  Is  our  belief  that  the  non-aathe- 
■atlelan  nay  Ignore  these  syabols  shlle  the  technician  vlll  be 
able  to  understand  this  section  vlthout  having  to  go  through 
the  algebraic  gynastlcs  hlaself.  Since  the  authors  of  the 
Barbrldge  Bouse  reports  have  avoided  vrltlng  down  their  asswp> 
tlons  In  aatheBatlcal  toaem,  the  technician  cannot  render  his 
opinion  as  to  the  validity  of  their  analysis  in  an  hour  or  tvo. 
Instead,  he  mist  spend  an  iamense  amount  of  tlM  "finding  out 
vhat  they  did**  before  he  can  test  Its  vmlldl'ty.  Uhls  tine 
constraint  nay  prove  prohibitive.  In  vhleh  case  the  report  nay 
pass  through  nany  hands,  receive  nany  signatures  and  even  be 
implemented,  before  receiving  extensive  tedmical  scrutiny. 

The  material  discussed  In  this  partlon  of  the  report  Is  a  case 
In  point. 

II.  Ihe  Garni  Distribution. 

llrst.  It  Is  desirable  to  shov,  for  the  reader  idio  has  some 
mathematical  training  the  meenlng  of  this  diatributlcn.  If  x 
is  a  gmma>dlstrlbuted  varlahle,  then  the  frequency  dlatributlon 
of  X  may  be  expreaaed  by: 


[3l 

See  In  partloulsr,  "Field  That  of  the 
Report  lfo>  1.  The  TmnTeaanxmtion  Hmae^.  A 
be  Interested  in  seeing  Reports  Boa.  2,f3, 
Barbrldge  House. 


Jbcnomle  Inventory 


The  reader  may  idso 


3  In  this  series  by 
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(1) 


f(x) 


vbere  -p  azid  3  are  '’paraaetera"  of  tha  dlatrllmtian.  (Bteaa 
paraaetera,  taten  together,  tell  U8  two  about  x:  ita 

aean  (or  average)  ahall  be  called  u  and  ita  rarlaace, 

ahleh  ahall  be  eaUed  •  Specifically,  aa  aagr  be  found  in 
atandaxd  atatiatieal  texta: 

(2)  M  -  S(p  +  1) 

cr^  -  P^(p  +  1) 

It  ahould  be  clear  to  the  nanHaathegaatical  obaerrer  aa 
well  aa  the  aathaaatician  that  one  auat  know  (or  be  able  to 

[4] 

eatlaate)  both  the  aean  and  variance ''  In  order  to  deter* 
aine  S  a^  p.  Solving  for  p  and  S  we  obtain: 


(3) 


S  »  or^/n 

p  *  u/S  -  1  * 

cr 


again  ngidaBtniig  the  need  to  know  two  characterlatica  of  the 
dlatrlbution  rather  than  one  in  order  to  define  it.  Bowever, 
it  wLU  be  noted  in  the  Haxbridge  Bouae  reporta  already  refer¬ 
red  to  that  the  plea  preaented  regolrea  only  the  eatlaate  of 
«i  ayaray  —  not  a  variance.  Thla,  in  itaelf  la  aufficlent 
to  aibov  tiiat  the  plea  ueed  by  Barbridge  Bouae  doea  not  take 
daMd^rajrti^lll^  into  account  but  only  average  d— nil  and, 
ae  aw  be  evi&ant  belov,  average  deaand  alee. 


Ik] 


or  the  atandard  deviation  — 


the  aguare  root  of  the  variance. 
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'WiA  process  liy  vhlcli  the  two  paxtuneter  sww*  distribution 
Is  reduced  to  a  one-paraaeter  distribution  mgr  appear  conpleiK 
to  the  lagnnan,  but  it  Is  transparent  to  the  mthenaticlan* 

If  ve  call  t  the  nuaber  of  items  demanded  In  a  delivery 
time,  then  the  probability  that  t  vlU  be  less  than  or  equal 
to  some  value  x  is  e3q>ressed  by  the  cumulative  distribution  t 


rU)  -  / 

0 


e-VP  ty 

p®*"-  pi 


dt. 


A  substitution  can  be  made  that  renders  this  fonnula  more 
convenient  for  cosqnztatlcn.  Let  y  »  t/p.  Ihen: 


(5) 


P(x) 


Since: 


(6)  /*  dy  »  pi 

_ the  expression  for  y(x)  beconesi^^ 

tables  used  for  computing  values  of  the  cumu^tive  gama  distri¬ 
bution  are  Karl  Fsarson  (ed. ),  TIablefc  of  the  Inccarolete  J*  Punctloni London; 
Els  Majesty's  Stationery  Office,  1922.  !Ihese  tables  make  one  further 
substitution,  namely:  _  / 


Ihen 


f  -  ^  -  rr-m. 


and  the  function  may  be  urltten: 

I(u,p) 


e’^  y^  dy 


It  remains,  nevertheless,  the  probability  that  the  number  of  item 
vlU  be  less  than  or  equal  to  x. 


dnaanded 
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(7) 


F(x) 


^  e-y  jr®  dy 

/  e”^  dy 


^  clear  up  aoy  confiuBicm  that  aay  csLet  on  this  point, 
the  denoBlnatQr  of  the  above  es^resslon,  since  the  function 

e*^  Is  Intesrated  over  the  entire  ran^  froi  zero  to 
InflMtgr  Is  jmovn  as  the  "coqplete  subml  function”,  \isuaLly 
denoted  hj  (pfl)  or  nttre  slaply  (p^)*  In  the 
nwerator,  the  function  Is  integrated  over  part  of  the  range 
(fron  zero  to  x/^)  and  In  this  case  is  denoted  hgr  X*  (ptl)* 

It  should  he  eaphaslzed  that  there  is  nothing  "unfinished" 
about  the  ineoaplete  gsaaa  function. 

HZ.  Iha  Crucial  >«*iw<ption. 

Althou|{h  the  suhstlttttion  j  •  t/p  in  equation  (3)  is  a 
valid  one,  Huhridge  House  analysts  have  carried  this  sub¬ 
stitution  into  a  tranflfozmtion  of  the  distribution.  Ihey 
have  defined  B  as  the  every  dwsizl  size  and  then  assved. 
without  ag[  Justification  tnat 


(8)  p  -  B. 


lObere  is  no  evidence  luovlded  for  the  validity  of  this  assua^ 
tion.  Oiey  have  thus  asswed  that  the  probability,  F(x),  that 
t,  the  nunher  of  itens  denandwd  during  a  delivery  tine,  is 
less  than  or  eqMsl  to  sone  maJSer  x,  is  efual  to  the  probability 
that  the  maiber  of  fleinsTiilBi  during  a  delivery  tine,  say  y,  is 
less  than  or  equal  to  a  mu^er  z,  vhere  z  ■  x/B.  Nstheaatlcally, 
this  asy  be  expressed  as: 

ehere  y  >  t/p  and  z  «  x/^. 
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nie  "safety  lefvel"  Is  found  liy  setting  F(u)  eqiual  to  SOl» 
Althouc^  the  claia  is  aade  that  this  glyes  a  90^  protection 
against  stockout,  in  fact  it  gives  only  at  best  a  90$  protec¬ 
tion  against  the  nunber  of  demands  during  delivery  tine  he 


sented 


Mo^^siM.  It  falls  to  distinguish  between 
dawiiirt  patterns  shown  in  Sable  2  —  in  fact,  it  assuaes  that 
all  degMuids  received  by  an  installation  are  of  the  Battem  1 
type  —  1,  1,  1,  1,  1;  2*5,  2.^,  2.^,  2*5,  2»3i  etc. 


Sable  2.  Senand  Ibttexns  Considered  Equivalent 
by  Harbrldge  Souse  Flan 


ItoisDaMaded 


SSBffid 

item  2 

1 

10 

1 

2 

10 

l6 

3 

10 

2 

If 

10 

25 

5 

10 

6 

B  -  ^  -  10  B 

=  10 

If  this  were  the  only  difficulty  Involved  in  this  assva|>- 
tlon,  the  plan  night  be  tolerable.  However,  exanination  of 
F(b)  reveals  another  inpllcit  assu^lon  aade  by  the  crucial 
one,  ^  «  B.  Bus  distribution  of  nuaber  of  d fends  during  a 
lead  tine  is  a  one-paraneter  distribution  whose  variance  is 
equal  to  its  mean  and  nay  in  fact  be  represented  by  a  Poisson 
distribution.  Specifically, 


^^^Qrder  &  Shipping  Sine  Quantity  plus  Safety  Level. 


10 


00 


1  -  G  (p) 


z 

q*p+i 


vbere  the  latter  function  (a  (p))  is  clearly  a  cunulatlve 
Poisson  vith  mean  and  variance  eqyal  to  z.  Ihe  reader  vill 
find  that  hy  setting: 


(U)  p  -f  1  «  average  nuaiber  of  deaands  during 

a  deUvwy  tl^e^"^^ 

P  -* 

and  0(p)  -  2  -  .1 

9^ 


he  aay  find  the  aeaa  of  the  Boisaon  dlstrihutlon  (z)  In  a 
standard  table  of  the  cuaulative  Poisson  lAiCh  has  these 
properties.  Bs  ean»  In  this  nsTiner  duplicate  the  Safety 

Lerval  Vhetors^^^  for  integral  (vhole  naher)  values  of  p 

[o] 

without  ever  referring  to  the  gnssa  diatrlhution.  !Qie 
Ibarson  "lEhbles  of  the  ZneosQlete  Function”  cited  above 


are  nore  convenient  ccnputatlonally}  nevertheless  the  distri 
hution  is  a  corrupt  one 


[7l 

'  Found,  as  in  Ihble  S  of  the  Annex  of  the  Draft  Instructian  section 
of  the  Hsrbrldge  House  report,  ”Ihstallatlan  of  EIP  at  Stations”  hy 
dividing  annual  dirdn  hy  12,  8  or  6  for  30-dny,  V^-day  and  6o-day  Order 
and  Shipping  Tine,  respectively.  Ihese  are  known  as  06T  factors. 

Ihhle  C  of  the  Annex  of  the  Draft  Ihstnaction  section  of  the 
Sarhrldge  Bouse  Report.  Since  this  report  has  occasional  page  nuabers 
and  no  section  nuabers,  a  acre  precise  reference  is  difficult. 

[9l 

For  non-integral  values  of  p,  z  any  he  found  hy  graphical 
interpolation,  within  the  Units  of  accuracy  required  hy  the  table. 
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In  either  ease^  once  z  is  found,  the  Safe-^  Lerel  factor 
■egr  he  found  In  the  wanner  used  hy  Haphrldee  Bouse. 

Let  A  ■  annual  Iteos  dewanded 

t  m  acnths  In  order  and  ship  tine 

n  m  arerafie  nwher  of  dewanfls  In  an  order 
and  ahlp  tlwe 

B  ■  aferafe  ilwnd  size 

u  «  average  niaber  of  Iteas  dewanded  per  aonth. 

Ihent 

(12)  Safety  Level  Quantity  -f  Order  and  Ship  Tine  4h»atlty  «  zB, 

Order  and  Ship  tlwe  Quantity  ^  ■  ut  ■  nB 

and: 

Safety  Level  Quantity  >■  zB  -  ^ 

(13)  -  *(3^)  *  ^ 

-  AC-jg)  (|  -  1) 

SdPaty  Level  ikctor 

Bus, 

(ll»’)  Safety  Level  Ihctor  « 


12 


and.  Incidentally, 


(15) 


Order  and  Ship  Siae  Factor 


12 

t 


Qwee  foxaulae  vill  he  found  coaparahle  to  those  of 
Barbrld«e  Bouse  vlth  u  -  used,  rathei-  than  z,  and  the 

results  are,  of  course,  the  saae.^^^^ 

It  aay  appear  that  the  qpiestlcxi  of  ubether  or  not  the 
function  actually  used  Is  a  cuaalative  Boisson  rather  than 
faaa  distribution  Is  acadeale.  Apparently  Baxhrldie  Bouse 
Investigators  did  not  think  so,  and  egqphasised  the  need  for 
a  gnaa  distribution  although,  in  fact  they  used  a  dlstri* 
butlon  vlth  Bolsson  properties.  The  safe^  levels  used  fall 
to  ^fftoantlate  between  an  -'.tea  that  Is  ilmaTiilfiil  once  a 
aonth  '\Llke  clock  vork"  and  an  Itea  lAdch  has  12  ilnaaniln  In 
one  aonth  and  none  for  the  rest  of  the  year.  This  vould 
result  in  excessive  safety  levels  on  soaa  Iteas  and  practl* 
cally  no  protection  on  others. 

IV.  HeciiMiiinilstlons. 


A  first  step  forward  vould  be  to  tise  the  bona*flde  gaaaa 
distribution.  This  vould  require  estiaates  of  both  average 
dsaand  and  variance  of  deaand.  But,  if  the  Departaent  of 

Defense  Instruction^ is  to  be  followed,  into  account 

both  slxe  of  deaand  and  variability  of  deaand,  this  aiddltlonal 
calculation  is  necessary.  Bone  ccapensatlng  slapllflcation  can 
be  attained  by  substituting  a  "reorder  point"  for  the  cuaher- 
scne  process  of  having  an  order  and  ship  tlae  quantity. 


— nsT - 

It  should  be  obvious  that  a  sinpUflcatlon  could  be  brought 
about  by  ellainatlng  the  fiction  of  a  separate  Safety  Level  and  Order 
and  Ship  Tine  Quantl-^.  A  "Reorder  Point"  >  zB  coiqiuted  by  the  \ise  of 
a  "Reorder  Point  Ihctor"  «  12n/zt  vould  sinplliy  natters  considerably 
for  the  "aan  on  the  Job"  —  but  this  is  a  relatively  alnor  crlticlsa. 

^^^DOD  Instruction  lUljO.ll,  2k  June  I958. 
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IQilB  could  be  done  as  foUovs: 


1-1, 


Let  be  the  aaount  denanded  In  the  aonth, 
•  •  •  ^  21 


Then 


Z 

1-1 


n  - 


for  a  one  aonth  order  and  ship  tlas,  p  and  p  can  be  very 
sljq^  calculated: 


for  an  order  and  ship  tiae  of  t  aonths,  let  y.  be  the 

■samt  dMaaded  in  the  J  order  and  ship  tlae  period.  We  can 

2 

then  estiaate  y  and  a  by  the  following  foxaulae: 

9 


y  -  t  X 


and,  fron  this. 


p 


P 


1. 


An  altexnatlye  procedure  is  to  adopt  the  stuttering 

Poisson  distribution  described  by  Herbert  Qalliher. 

This  distribution  is  derived  by  assuning  that  the  intervals 
between  ilfnsnniln  are  randoaOy  distributed  and  that  the  denand 
sise  is  geoaetricaUy  distributed.  Ihis  seeas  to  be  a  oore 
satisfying  characterization  of  the  systea  and  the  average 
dwaind  sise  B  is  a  true  paraaeter  of  the  systea  (rather  than 
an  arbitrarily  assuaed  paraaeter)  thus  possessing  the 
slaplification  of  the  Harbridge  House  aethod  without  the 
artificiality. 


Ihe 


and  variance. 


of  the  stuttering  Poisson 


during  lead  tiae  has  been  found  to  be: 


y  «  ut 


and 


Oy  =  ut 


idiere  y  is  the  average  use  during  lead  tine,  u  is  the  average 
aonthly  and  t  the  nuaber  of  Booths  during  lead  tine. 

The  stuttering  Poisson,  for  sufficiently  large  B  is  approxl- 
aately  nozaal  with  paraaeters  as  shown.  !Die  gansa  assuaptlon 


"InterlB  Pschnlcal  Report  Ho.  9**,  MIT  ftoject  Fundanental 

i9'O20-QRD-2^&4,  Ordnance  RU)  RvJ.  Ho.  1^001,  August  1958*  Also  see 
"Interln  Technical  Report  Ho.  7"/  July  19^7>  aud  "Final  Report  of  MIT 
Supply  Control  Procedure  and  Recoamendatioos  on  Inplenentatlcm",  August 
I960. 
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•defied  bgr  Burbrldge  Bouse  gsve  an  Identical  aean,  but 
yarlanee,  in  the  ease  tezas  as  ahore  as: 


OTy.  ■  *7  B  *7  ut  • 


Onas  the  Burbrldcs  House  assuHftlou  glTes  e  lonier  Tarlanee 
then  the  aore  reaeopahle  assaaftlons  about  dlstrlhutlan  and 
beeoues  ptrocreaaiTalj’  lover  as  B  gram  laarge.  A  recent 
Infozual  eoBunlcetiott  from,  the  Director  of  the  VET  Dawrentoay 
Beeearch  IhpleBsntatlon  Ccaid.ttee''^  OCR,  Indicates  that  at 
national  leveli  even  the  stuttering  Boisaon  is  uBderostlaatlng 
the  vazlanee.  The  Bazbridge  Bouse  aastavilons  at  Hep's  would 
thus  be  llhalj  to  grossly  exaggerate  the  aaount  of  protection 
pronrided  bj  s  given  safety  level. 
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Assume  ttast  T(x)f  the  proteblllly  that  domuid  vlU  not 
exceed  the  reorder  point,  x.  In  units  nsT’  be  expressed: 


vhere  s  ■  x/b  (the  reorder  point  expressed  In  terms  of  znaiber 
of  iTftnsTiiln  of  slse  B)  end  y-  ■  t/B  (the  number  of  ilsmerirtB  of  else 
B  occurring  during  leed  time),  end  p  -f  1  ■  ererege  number  of 

[1^1 

ilfirnsnils  during  leed  time*  Ibe  e^qpected  number  of  demand n 
occurring  against  sero  stock  during  leed  time  is  the  expected 
▼aluea  of  s,  the  niaiber  of  units  stockout  idieret 


s  ■  o  y  <  8 
s»3r-s  y>a* 

Using  B(x)  to  represent  e^qpected  Talue  of  x, 

/  (y  -  s)  ^ 

As  this  Is  not  m  omBnmKisnt  fan  fear  tmbmlahing  purposes,  ue 
may  rewrite  It  as 
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dy 


*(s) 


•  *“ar  • 

/  '*ar  -  *  / 


(p  +  1)  / 

I 


ay 


Li  this  fozm  the  ea^eeted  moiber  of  atoekoute  can  he  eoqputed 
for  glvien  t  from  tahlee  of  Beerooci  (op.  elt.)^  or,  tor  iategrml 
valuee  of  p/ 


K«) 


(p  + 1) 


pfi 

z 

qro 


P  -4 
Z  ^ — *- 


V 


eea  he  eoapizbed  froa  »  BodeaodEi  table. 
II.  CflMBMtatlatt  of  flugi^y  iffiaetltepeae. 
Let 


I  ■  number  of  deaanflw  occurring  ■»wwimny 

P  -  maaber  of  aontha  Id  procureaent  cycle 

Qien  the  expected  nuaiber  of  difmenda  agalnat  aero  atoeh  during  one 
year  la  equal  to  the  procureaent  frequency  tinea  the  S(a)  or 


r 


12 


Bie  proportion  of  deeanda  during  the  year  uhlch  occur  at  zero 
atock  la  then: 


B(a)  X  12 
P  z  H 
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i>  supply  effeetlTBoess  ■  lOO  [1  -  ] 


Of  coune,  £(•)*  H  and  P  vlU  not  l>e  known  preclaely  and, 

the  risk  of  Introducing  bias  for  the  sake  of  eoaputatlonal 
ease,  we  irlll  aaswe  that: 


litieatad  it  Bunply  effeetlTeneaa  >  100  [1 


TF^’ 


Where  le  the  eatlmte  of  x. 
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